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We have performed a high resolution specific heat measurement on 4He completely filling the pores
of Vycor glass. Within 10mK of the superfluid transition we have found a peak in the heat capacity
which is only 0.02% the size of the background. The peak can be fit with a rounded version of the
“logarithmic singularity” observed in bulk 4He. Along with the previously observed “2/3” power
law dependence of the superfluid density on temperature, this strongly suggests that the disorder
imposed by the Vycor is irrelevant to the 3DXY superfluid phase transition. The critical amplitude
of the peak, while in agreement with that found in other experiments in dilute superfluid 4He, is
considerably larger than that predicted by the theory of hyperuniversality.
One of the foundations of the modern theory of crit-
ical phenomena is that all phase transitions are divided
into a handful of universality classes, grouped together
on the basis of a common symmetry and dimensionality
in the ordered phase. Experimentally, one groups phase
transitions on the basis of the powerlaws in the reduced
temperature t = 1 − T/TC which thermodynamic prop-
erties follow very near to the transition temperature TC .
The critical exponents of these powerlaws, which can be
predicted to high accuracy thanks to the computational
machinery of the renormalization group theory (RGT),
are the same for all systems within a universality class.
Because of its high purity, lack of strain, and the rel-
ative ease of precision measurement, the superfluid tran-
sition of 4He is an unrivalled testing ground not only
for determining the values of critical exponents but also
for answering questions about universality. Very precise
measurements of the specific heat of 4He to within a few
nK of Tλ, the critical temperature of the superfluid tran-
sition, have confirmed the powerlaw
C =
{
A(−t)−α +B for T > Tλ
A′t−α +B′ for T < Tλ,
(1)
where α = −0.01245, A = 5.594 J/mol K, and A/A′ =
1.054. B and B′ are non-universal parameters. [1,2] This
behavior is observed over 8 orders of magnitude in re-
duced temperature. [1]
The superfluid density has also been measured pre-
cisely and under the conditions of saturated vapor pres-
sure is found to obey the powerlaw
ρS = ρS0t
−ν for t < 0, (2)
where the critical exponent ν = 0.6702 and the criti-
cal amplitude ρS0 = 0.351 g/cm
3. [3] In both experimen-
tal quantities, the agreement between the experimentally
determined critical exponents and precise RGT calcula-
tions is a stunning confirmation of our understanding of
critical phenomena in pure systems. [4] The “logarith-
mic singularity” in the specific heat of equation 1 and
the “2/3 power law” of equation 2 identify the superfluid
transition of 4He as a member of the 3DXY universality
class.
Another pillar in the theory of critical phenomena is
the theory of hyperuniversality. [5] Hyperuniversality is a
statement that the amount of energy (measured in units
of kBT) per fluctuation is the same for all systems within
a universality class. This is expressed by defining the
universal constant R
R =
(
A
kB
) 1
3
ξ0, (3)
where ξ0 is the critical amplitude of the correlation
length. RGT calculations find R = 0.96. [5] While ξ
is not accessible directly, it can be calculated from the
superfluid density by using the Josephson relation [6]
ξ0 =
kBTCm
2
He
h¯2ρS0
. (4)
The relation in equation 3 was tested by Ahlers and
co-workers, who performed specific heat and superfluid
density measurements near Tλ in samples held at a series
of pressures between saturated vapor pressure (SVP) and
30 bar. [2]. Because the order parameter is expected to
have the same symmetry regardless of pressure, 4He sam-
ples along this λ-line are believed to all be in the 3DXY
universality class. Ahlers and co-workers were able to
adjust ξ0 from 3.1A˚ to 3.5A˚ by varying the pressure, and
in this range they found a pressure-independent value of
R = 0.84, in reasonable agreement with the theory of
hyperuniversality.
Since the range of pressures over which superfluid
4He exists is restricted from 0.05 bar (SVP) to 32 bar,
one can only adjust the correlation length by 13%. On
the other hand, by imposing disorder on the 4He, it is
possible to test the theory with samples where the ξ0
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FIG. 1. The total heat capacity of the cell.
exceeds 100A˚. We can realize disorder in superfluid
4He by adsorbing it into a porous medium. According to
the Harris criterion [7], provided that the disorder in the
porous medium is not correlated on length scales larger
than the correlation length ξ(t), the disorder is irrelevant
and the disordered system remains in the same univer-
sality class as the pure system. Additionally, the Harris
criterion demands that in the pure system α < 0, which
is the case for superfluid 4He.
Several porous media have been introduced into 4He
so as to impose disorder. For instance, Vycor is a porous
glass with 30% of its volume being open and an average
pore size of 70A˚. Scattering measurements show that
Vycor is uncorrelated on all length scales above 100A˚. [8]
Porous gold is very similar in structure to Vycor, however
the porosity is about 70% and the average pore size is on
the order of 1000 A˚. [9] Both Vycor and porous gold are
examples of disorder exhibiting the “2/3” power law in
the superfluid density. [9,10] Furthermore, cusps in the
specific heat coincident with superflow onset were seen
for films of 4He on Vycor [11] and for porous gold filled
with 4He. [9] These two facts are consistent with these
disordered systems also being members of the 3DXY uni-
versality class. The picture which emerges from these
studies, consistent with the Harris criterion, is that the
primary effect of these porous media is to dilute the su-
perfluid without changing the nature of the superfluid
phase transition.
What was missing from this picture, until recently, was
a peak in the specific heat at TC in filled-pore Vycor. The
failure of several attempts [11–13] at seeing this feature is
often explained through the theory of hyperuniversality,
which argues that the cusp would have been too small to
see. The lack of such a peak would be inconsistent with
our regarding the 4He-Vycor system as another member
of the 3DXY universality class. In this paper we report on
the observation of the cusp near the λ-point in the 4He-
Vycor system, demonstrate that this system is a dilute
3D superfluid in the 3DXY universality class, and discuss
its implications to the theory of hyperuniversality.
To this end we have performed a high resolution mea-
surement of the specific heat of the 4He-Vycor system.
Our best measurements have a resolution of about 5ppm.
By comparison, the measurements of Finotello et al. have
a resolution of about 0.2%. The precision of our measure-
ments exceeds that of prior measurements by a factor of
200. This comes with the additional benefit of a higher
density of data points per temperature interval. While
we give a brief summary of our novel technique here,
a more thorough discussion of our calorimeter appears
in another article. [15] In short, our measurement takes
the high resolution thermometers of Lipa and co-workers
[16] as a point of departure. These authors used the
paramagnetic salt Cu(NH4)2Br4 (CAB) as a thermomet-
ric element. This salt has a Curie temperature of about
1.8K, so that the magnetic flux contained in a pick-up coil
around the CAB changes rapidly as a function of temper-
ature around 2K. The SQUID-based detection system of
Lipa and co-workers, through measuring this magnetic
flux, allowed a temperature resolution of nearly 0.1nK
at Tλ. Our modification was the insertion of a resistor
into the superconducting flux loop of the HRT containing
the SQUID input coils, the leads, and the CAB pick-up
coils. As a result, our detection system is sensitive not
to the magnetic flux in the pickup coils but rather to the
changes in the flux with respect to time. This is directly
proportional to the temperature drift rate, T˙. Our system
has a resolution of about 15pK/S in T˙.
We perform a drift measurement of the heat capacity.
A constant heat input Q˙ is applied to the cell, produc-
ing continuous warming over the temperature range from
1.8 to 2.2K, which spans the known TC for the super-
fluid transition in this sample. The heat is generated by
Joule heating a low temperature resistor on the cell with
a high-precision current source. For these measurements
our heating rates varied from 0.2µW to 5µW which cor-
responds to temperature drift rates between 1.5µK/s and
40µK/s at 2K. We calculate the heat capacity from
C =
Q˙
T˙
. (5)
The internal time constant of the cell was measured at
various temperatures and found to be around 40 seconds.
Rounding of features in the heat capacity due to the drift
ranges from 0.06 to 1.6mK.
A cold valve on the cell allows it to be filled and closed
off without leaving 4He in the fill capillary. Two reg-
ulated, weakly-coupled isothermal stages absorbed heat
leaks before they could make their way to the cell, to
which heat flows from the final regulation stage with a
thermal time constant of about 105 seconds. We mea-
sured the temperature of the experiment with a carbon
glass thermometer for T > 1.4K and with a germanium
thermometer for T < 1.4K. Both thermometers were
checked using Tλ of the bulk helium in our cell as a refer-
ence. Our experiment was mounted on a 3He refrigerator.
In these experiments we measured the heat capacity
under saturated vapor pressure of 4He filling the pores of
2
the Vycor. The two Vycor samples are disks of diameter
2.5 cm and thickness 1 mm. We ground our specimens
from a plane equidistant from the surface and the leach
plane in the center of 0.953 cm thick plates. Our hope
was that the samples, while still fairly large, would have
fast thermal equilibrium times and fairly uniform pore
structures. The samples have a volume of 0.478 cm3.
The total heat capacity of the filled cell near 2K is
shown in figure 1. We can see clearly the broad peak in
the heat capacity at 2.1K, well above TC , which was first
observed by Champeneay and Brewer. [13] Also clearly
shown is the sharp cusp at the bulk Tλ. The
4He in the
Vycor pores accounts for 35% of the heat capacity of the
cell at 2K. The superfluid bulk 4He is about 45%, and
the remainder is the heat capacity of the cell construc-
tion materials, including copper, brass, niobium, and the
CAB salt. From carefully filling the Vycor during su-
perfluid density measurements, we conclude that 5.33 x
10−3 moles of 4He fill the Vycor.
It is very difficult to make out a tiny feature at 2K from
looking at figure 1. In figure 2 we subtract a straight line
from total cell heat capacity in the region of interest for
both samples. The top panel shows an early measure-
ment on our first sample of Vycor. Using the Helmholz
resonator technique [14], we measured the onset of su-
perflow in a 1mm diameter by 3 mm long cylinder of
Vycor taken from the same plate as the first sample. In
this experiment a different set of thermometers were used
but we nonetheless determined superflow onset to be at
1.987K, while the cusp in the specific heat is near 1.995K.
The lower panel shows the most recent measurement of
the second sample which was ground from a different
plate of Vycor. This measurement was undertaken with
a much improved calorimeter, as evidenced by the dra-
matic reduction in noise-to-signal ratio. After completion
of the heat capacity measurements, this very same sam-
ple was loaded into a torsional oscillator cell along with
the same thermometers. We found superflow onset to
occur at 2.023K. From this figure we can conclude that
both peaks occur within 10mK of the superflow onset
temperatures as measured in the separate experiments.
These data are of sufficient quality to allow compari-
son to the bulk 4He λ-peak and thereby test the theory
of hyperuniversality. As with Finotello et al. [11], back-
ground subtraction in this situation is very difficult. We
expect the peak to have a nearly logarithmic shape to it,
which means that the singular contribution we wish to
keep contributes significantly (on our scale) to the heat
capacity even 50mK or so away from TC . So we took
a different approach and decided instead to attempt to
subtract a rounded and reduced version of the specific
heat from equation 1. We smoothed the heat capacity
by convolving the bulk form with a normalized Gaussian
function of width σ. We reduced the amplitude of the
specific heat cusp by a factor Λ. Finally, we fixed the
non-universal constants B = B′ = 0.4335 J/K cm3, the
same values found in bulk. [18].
FIG. 2. A blowup of the region of interest in the heat ca-
pacity. In both panels, a straight line has been subtracted
from the total cell heat capacity so as to emphasize the cusp
occuring near TC . The upper panel shows the heat capacity
from a sample with TC= 1.995, while the lower shows a dif-
ferent sample with a TC=2.031. The data in the lower panel
were acquired with a more precise technique.
FIG. 3. The region of the heat capacity very close to
TCwith a linear fit subtracted. The top curve shows the data
prior to subtracting the rounded cusp, the lower afterwards.
We went about performing the fit by varying σ, Λ, and
TC and subtracting the rounded bulk cusp from the raw
heat capacity, leaving us with a residual curve. For the
goodness-of-fit parameter we used the deviation from a
third-order polynomial fit to the residual. Our best fit
is shown in figure 3. We find TC = 2.0318 ± 0.0007K,
σ = 2.3 ± 0.8mK, and Λ=1.4 ± 0.2x10−4. The 2.3mK
rounding is also very reasonable given the rounding in
the superfluid density also observed in this sample.
We see from figure 3 that there is in fact a large dif-
ference between the data trace and the residual even far
away from TC . Furthermore, we see that most of the
bump appears to be gone, but there are still some wiggles
slightly above TC . Subtracting the best-fit third-order
3
FIG. 4. The data near TCand the rounded cusp fit plotted
with the superfluid density.
polynomial as a background function from the data
trace leaves us the singular part of the specific heat.
These data are plotted out to a range of 0.015 in re-
duced temperature in figure 4. This is the approximate
range over which the “2/3” powerlaw fits the superfluid
density in Vycor. We see that except for the slight de-
viations just above TC , the fit is fairly reasonable. We
also plot the superfluid density measured in this sample
and see that it goes to zero very close to the TC obtained
from the fit.
Figure 4 lends the most striking support to the asser-
tion that the 4He/Vycor system is in the 3DXY univer-
sality class along with bulk 4He. We use the predictions
of hyperuniversality [5] to relate the specific heat and
the correlation length. We have measured the superfluid
density ρS in this sample and found that the critical am-
plitude ρS0 = 11.9 ± 0.1 mg/cm
3, which corresponds to
ξ0 = 93A˚. Inserting our values for A and ξ0 into equation
3 we find that R = 1.2± 0.2. This is considerably larger
than that found from measuring the specific heat and
superfluid density in bulk 4He samples along the λ-line.
[2] However, this discrepancy is supported by applica-
tions of hyperuniversaliy to thin films of 4He on Vycor
[11] and also to 4He filling the pores of porous gold. [9]
We must note that particularly in the Vycor systems, we
are expecting hyperuniversality to work over a factor of
30 in correlation length. One might conclude from this
that the theory captures much of the physics, but either
there is some fine-tuning necessary, or there is some sub-
tle aspect of the imposition of disorder which has been
ignored.
In this Paper we have shown the results of a calorimet-
ric measurement of the 4He-Vycor system over two orders
of magnitude more precise than the prior measurements.
The primary result of this work is the resolution of a heat
capacity cusp very near to superflow onset. We have fit
this cusp to a rounded and diminished cusp of the sort
found at Tλ in bulk
4He. This peak allows us to test the
theory of hyperuniversality and we find that our peak, al-
though larger than that predicted by the theory, is in fair
agreement with peaks measured in other disordered 4He
systems. We hope to see a resolution to the remaining
discrepancy between the theory and our observations.
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